With t h e t r e n d i n g e a r t r a n s m i s s i o n towards h i g h e r c a p a c i t i e s , s m a l l e r s i z e and o v e r a l l i n c r e a s e s i n s t r e n g t h , s h o t peening i s a v i a b l e and low-cost a l t e r n a t i v e t o major r e d e s i g n o r i n c r e a s e d m a t e r i a l c o s t s due t o p a r t -s i z e i n c r e a s e s . Understanding s h o t peening can b e a n e f f e c t i v e means t o a s o l u t i o n f o r t h e s e new d e s i g n c h a l l e n g e s t h a t can o n l y be made by having a n u n d e r s t a n d i n g of t h i s t o o l ' s c a p a b i l i t i e s . The a b i l i t y t o i n c r e a s e f a t i g u e s t r e n g t h , i n c r e a s e s u r f a c e f a t i g u e l i f e , e l i m i n a t e c o n t i n u o u s machine marks which produce s t r e s s r i s e r s i n t h e t o o t h f l a n k , and a i d i n l u b r i c a t i o n a r e key f a d t o r s i n a i di n g g e a r d e s i g n e r s .
r e d e s i g n o r i n c r e a s e d m a t e r i a l c o s t s due t o p a r t -s i z e i n c r e a s e s . Understanding s h o t peening can b e a n e f f e c t i v e means t o a s o l u t i o n f o r t h e s e new d e s i g n c h a l l e n g e s t h a t can o n l y be made by having a n u n d e r s t a n d i n g of t h i s t o o l ' s c a p a b i l i t i e s . The a b i l i t y t o i n c r e a s e
f a t i g u e s t r e n g t h , i n c r e a s e s u r f a c e f a t i g u e l i f e , e l i m i n a t e c o n t i n u o u s machine marks which produce s t r e s s r i s e r s i n t h e t o o t h f l a n k , and a i d i n l u b r i c a t i o n a r e key f a d t o r s i n a i di n g g e a r d e s i g n e r s .
THE PURPOSE OF THIS PAPER i s t o p r o v i d e g e a r d e s i g n e n g i n e e r s w i t h an u n d e r s t a n d i n g of how t o u s e s h o t peening a s an i m p o r t a n t t o o l i n r e d u c i n g c o s t s i n g e a r system d e s i g n , a s w e l l a s knowing when t h a t t o o l should o r should n o t b e u s e d . Shot peening i s e f f e c t i v e i n combatt i n g problems r e l a t e d t o f a t i g u e , g e a r t o o t h p i t t i n g , and f a t i g u e s t r e n g t h l o s s e s due t o v a r i o u s h e a t -t r e a t i n ? , t e c h n i q u e s .
Though d e s i g n e r s of marine g e a r i n g and t u r b i n e p r o p u l s i o n systems have long been aware of s h o t peening a s a n e f f e c t i v e t o o l i n combatting f a t i g u e , new d e s i g n s f o r a g r i c u lt u r a l machinery, speed r e d u c e r s and g e a r motors a r e i n c o r p o r a t i n g t h e p r o c e s s i n t o t h e i n i t i a l d e s i g n stages. DISCUSSION 
REGARDING FATIGUE To understand why s h o t peening i s an e f f e c t i v e t o o l i n f a t i g u e -r e l a t e d problems, it i s n e c e s s a r y t o understand t h e t h e o r y surrounding s h o t peening. I t i s known t h a t f a t i g u e f a i l u r e s c o n s i s t of t h r e e e v e n t s : A) The i n i r L i t i o n of t h e c r a c k a t a s u r f a c e t h a t h a s e i t h e r r e s i d u a l t e n s i l e s t r e s s e s ( p o s s i b l y produced by a s s o r t e d machining o p e r a t i o n s ) o r a p p l i e d t e n s i l e s t r e s s e s ( a s i n e x t e r n a l f o r c e s produced by g e a r t o o t h l o a d i n g ) . B) Followed by c r a c k propogation o r movement t h r o u g h a member ( a s i n a g e a r t o o t h ) . C) Followed by e v e n t u a l f r a c t u r e of t h e member due t o i n s u f f i c i e n t c r o s ss e c t i o n of t h e member making i t unable t o c a r r y t h e a p p l i e d l o a d s .
Based on c r a c k p r o p o g a t i o n t h e o r y , a c r a c k w i l l n o t propogate i n t o a l a y e r t h a t h a s compressive stress.
SHOT PEENING AND ITS EFFECT ON FATIGUE
By u t i l i z i n g t h i s p r i n c i p l e , s h o t peening i s d e f i n e d a s t h e bombardment of a s u r f a c e w i t h s m a l l s p h e r i c a l media ( t h e s h o t ) t o produce a t h i n l a y e r of h i g h magnitude, r e s i d u a l compressive s t r e s s , a s shown i n F i g . 1.
How Peening Improves the Surface Layer
Residual Surface stretched compress1
As shot particles strike a part, they deform the surface grains plastically, stretch the surface radially, and induce a tensile stress When the particles bounce off, tensile stress 1s relieved, and a residual compressive stress is left inthesurface layer This stress reslsts pitformationand offsets theeffectsofthe applied load.
F i g , l ( l ) * "Numbers i n p a r e n t h e s e s d e s i g n a t e R e f e r e n c e s a t end of paper. By e l i m i n a t i n g event B of f a t i g u e f a i l u r e , t h e f a t i g u e c r a c k can b e a r r e s t e d .
The s t r e s s d i s t r i b u t i o n through t h e c r o s ss e c t i o n of a p a r t can b e shown a s i n F i g . 2.
DlSTRlBUTlON OF STRESS I N A SHOT-PEENED BEAM WITH N O EXTERNAL LOAD

F i g . 2 (2)
A z e r o p o i n t i s raridomly s e l e c t e d , and i n c r e a s i n g compressive s t r e s s e s a r e shown by movement from l e f t t o r i g h t from t h e v e r t i c a l datum p o i n t , and i n c r e a s i n g t e n s i l e s t r e s s e s c a n b e shown by moving from t h e datum p o i n t from r i g h t t o l e f t , t h e n t h e s t r e s s d i s t r ib u t i o n through t h e member c a n b e g r a p h i c a l l y shown i f t h e peened s u r f a c e i s a t t h e t o p of t h e member. The g r e a t e s t magnitude of t h e compressive stress w i l l occur a t t h e t o p of t h e peened member, o r j u s t s l i g h t l y below t h e s u r f a c e , and w i l l b e approximately 50 t o 60 p e r c e n t of t h e u l t i m a t e t e n s i l e s t r e n g t h of t h e b a s e m a t e r i a l (See F i g . 3 ) .
Ultimate tensile strength, lo3 psi
Rc31
Hardness U l t i m a t e t e n s i l e s t r e n g t h and s u r f a c e h a r d n e s s d e t e r m i n e t h e r e s i d u a l s t r e s s e s a f t e r peening. T h i s k i n e t i c energy i s measured by a s t a n d a r d known a s a n "Almen" s t r i p . A more complete d e s c r i p t i o n of how t h i s works w i l l b e d e s c r i b e d l a t e r , b u t f o r now, a s shown i n F i g . 4 , t h e i n t e n s i t y w i t h which a p a r t i s b e i n g peened i s i n c r e a s i n g a s we move from l e f t t o r i g h t .
At a g i v e n i n t e n s i t y ( t h e measurement of t h e k i n e t i c energy) t h e d e p t h of comp r e s s i o n i s deeper on a s o f t e r m a t e r i a l than on a h a r d e r m a t e r i a l . T h i s d e p t h of comp r e s s i o n i s c r i t i c a l b e c a u s e i t cannot exceed t e n p e r c e n t of t h e t h i c k n e s s of m a t e r i a l p e r s i d e .
When a p a r t t h a t h a s been peened has an e x t e r n a l l o a d a p p l i e d t o i t , t h e o f f -s e t t i n g t e n s i l e stress produced by t h e l o a d w i l l d e c r e a s e t h e magnitude of t h e compressive s t r e s s i n t r o d u c e d by t h e peening. T h i s compressive s t r e s s w i l l b e r e t a i n e d i f t h e p a r t i s loaded no more t h a n 40 t o 50 p e r c e n t of t h e u l t i m a t e t e n s i l e s t r e n g t h of t h e m a t e r i a l o r below t h e e l a s t i c l i m i t o r y i e l d p o i n t .
As shown i n F i g . 5A, f o r a m a t e r i a l w i t h a h a r d n e s s of Rc31, t h e p a r t h a s t h e s t r e s s d i s t r i b u t i o n shown w i t h o u t an e x t e r n a l l o a d . Upon a p p l i c a t i o n of t h e l o a d , t h e c u r v e w i l l s h i f t a s shown i n F i g . 5B.
The d e p t h of t h e compressive s t r e s s i s t o t a l l y a f u n c t i o n of t h e k i n e t i c energy i m p a r t e d t o t h e peened s u r f a c e and is a f u n c t i o n of t h e mass of t h e s h o t t i m e s t h e v e l o c i t y . T h i s d e p t h of compression, o r t h e p o i n t a t which compressive s t r e s s e s change t o t e n s i l e s t r e s s e s ( r e f e r r e d t o a s c o r e i n i t i a l g e a r h a r d n e s s p r i o r t o t h e peening. )
IMPROVING FATIGUE STRENGTB OF GEAR TEETH S i n c e a g e a r t o o t h i s e s s e n t i a l l y a c a n t i l e v e r e d beam, i t would b e expected t h a t f a i l u r e due t o a c y c l i c a l l o a d would be expected i n t h e r o o t of t h e g e a r . Almen and Black (4) i n t h e i r d i s c u s s i o n of r e s i d u a l s t r e s s e s i n g e a r t e e t h , show t h a t when f a t i g u e f r a c t u r e s of t h e t e e t h o c c u r r e d on f a i l e d automotive r e a r a x l e g e a r s , t h e f r a c t u r e always o r i g i n a t e d a t t h e t e n s i o n f i l l e t . T h i s f i l l e t was on t h e same s i d e of t h e g e a r t o o t h a s t h e t o o t h l o a d i n g .
T y p i c a l l y , g e a r d e s i g n e r s w i l l i n c r e a s e a g e a r ' s s u r f a c e hardiiess t o a l l o w i t io c a r r y h i g h e r l o a d s . However, h a r d e n i n g by h e a t t r e a t i n g r e q u i r e s g e a r s t o b e remachined t o compensate f o r d i m e n s i o n a l changes d u r i n g t h e c a r b u r i z i n g , n i t r i d i n g o r o t h e r hardening p r o c e s s e s .
I n a d d i t i o n , a s t o o t h hardness i n c r e a s e s above 43
Rc (approximately 200,000 p s i ) , f a t i g u e s t r e n g t h a c t u a l l y f a l l s o f f . (See F i g . 7 ) ( 2 ) .
Stresses In peened metal
Pi i n i d i u r f a~r Terwon 0 Coniprcirion
Res~dual surface E stress (1 10 000 psi for Neutral axls
A No external load
Peening c o n t i n u e s t o p r o t e c t t h e s u r f a c e from f a t i g u e a s long a s t e n s i l e s t r e s s e s from a p p l i e d l o a d a r e less t h a n A -r e s i d u a l s t r e s s e s .
SHOT PEENING'S IMPACT ON GEARING By u n d e r s t a n d i n g t h e e f f e c t produced by peening, we can now d e t e r m i i x t h e ways i n which i t can b e b e n e f i c i a l t o t h e g e a r d e s i g n e r . Shot peening i s p r i m a r i l y used i n g e a r ' n g t o :
A) Improve f a t i g u e s t r e n g t h of t h e g e a r t o o t h i n t h e r o o t f i l l e t ; B)
I n c r e a s e s u r f a c e f a t i g u e l i f e t o reduce p i t t i n g and i n c r e a s e d u r a b i l i t y . Both of t h e s e e f f e c t s a r e shown i n F i g u r e 6 . T e n s i l e and s h e a r s t r e s s e s c a u s e p i t s and f a t i g u e c r a c k s . Aiding i n t h e l u b r i c a t i o n of t h e g e a r o r g e a r system; D ) E l i m i n a t i o n of c o n t i n u o u s h o r i z o n t a l l i n e s on t h e g e a r t o o t h f l a n k produced by v a r i o u s g e a r machining methods t h a t can b e removed by peening i n t h e "green" s t a t e .
(Usually t h e s u r f a c e f i n i s h produced by t h i s t e c h n i q u e w i l l b e a n 83 RMS f i n i s h o r h i g h e r , b u t t h i s w i l l v a r y w i t h t h e
COMPARISON OF PEENED AND UNPEENED FATIGUE LIMITS FOR SMOOTH AND NOTCHED SPECIMENS AS A FUNCTION OF ULTIMATE TENSILE STRENGTH OF STEEL.
F i g . 7 T h i s most l i k e l y o c c u r s due t o i n c r e a s e d n o t c h s e n s i t i v i t y and b r i t t l e n e s s . Whether a specimen t h a t h a s n o t been peened i s notched o r smooth, n o t i c e a b l e d e c r e a s e s i n f a t i g u e s t r e n g t h can b e n o t i c e d . As e x h i b i t e d on t h e graph, a peened specimen w i l l c o n t i n u e t o have an i n c r e a s e i n f a t i g u e s t r e n g t h above 43 Rc.
R e l a t i n g t h i s t o hardened g e a r i n g , by s h o t peening t h e r o o t a r e a of a g e a r a f t e r h e a t t r e a t i n g , b o t h t h e b e n e f i t s of improved wear c h a r a c t e r i s t i c s due t o i n c r e a s e d h a r d n e s s and i n c r e a s e d f a t i g u e . s t r e n g t h due t o t h e peening can b e o b t a i n e d . To develop t h e maximum compressive stre<.: i n t h e gear t o o t h due t o t h e s h o t peening, t h e peening media
should b e a s l e a s t a s h a r d a s t h e p a r t being peened.
S i g n i f i c a n t d e c r e a s e s i n f a t i g u e s t r e n g t h w i l l b e n o t e d i f t h e h a r d n e s s of t h e peening media d o e s n o t a t l e a s t e q u a l t h e h a r d n e s s of t h e t a r g e t m a t e r i a l .
An i m p o r t a n t p o i n t t o c o n s i d e r i n g e a r d e s i g n i s t h e amount of r e s i d u a l t e n s i l e s t r e s s produced on t h e g e a r t o o t h p r o f i l e and r o o t due t o g r i n d i n g . S i n c e t h e t e n s i l e s t r e s s
Seabrook and Dudley(5) i n t h e i r conclus i o n s i n d i c a t e t h a t s h o t peeni.ng i s s i g n i f i c a n tl y b e n e f i c i a l i n a l l c a s e s e x c e p t t h a t of a n i t r i d e d s t e e l s u r f a c e which showed moderate poor p r o c e s s i n g can y i e l d a s t r e n g t h lower t h a n a non-shot peened g e a r .
A t y p i c a l t e s t was run and t h e r e s u l t s a r e shown below.
(See F i g . 8) ( 1 ) . r e s u l t s .
Shot peening t h r o u g h hardened p i n i o n s can y i e l d a s much a s 30 p e r c e n t improvement i n f a t i g u e l i m i t .
L l o y d l s R e g i s t e r of S h i p p i n g ( 6 ) a l l o w s a n i n c r e a s e i n t o o t h l o a d i n g f o r both wear and s t r e n g t h up t o 20 p e r c e n t f o r c o n t r o l l e d s h o t peening.
The term " c o n t r o l l e d " i s extremely i m p o r t a n t a s Dudley and Seabrook (5) F i g . 8 S i m i l a r r e s u l t s a r e shown i n F i g . 9 ( 3 ) f o r a n o t h e r example.
S "
Cvcles to failure I u-
C a r b u r i z e d p l a n e t g e a r s ( 4 . 8 UP w i t h 1 . 4 -i n . f a c e s ) , from t h e same 4118 s t o c k , showed i n c r e a s e d l o a d c a p a c i t y when s h o t peened. F i g . 9 F i g u r e 1 0 ( 3 ) shows t h e c o r r e l a t i o n o f s h o t p e e n i n g on some m a t e r i a l s and t r e a t m e n t s . 
Most n o t i c e a b l e i n c r e a s e s i n peened v e r s u s non-peened g e a r s a r e shown f o r t h e through-hardened g e a r i n g ; however, Seabrook and Dudley (5) showed a 33 p e r c e n t i n c r e a s e on i n d u c t i o n hardened 4140 m a t e r i a l .
I n d u c t i o n hardening and c a r b u r i z i n g p r o c e s s e s do produce some r e s i d u a l compressive s t r e s s e s , however, n o t of t h e magnitude exh i b i t e d by s h o t peening.
I n s i t u a t i o n s where a g e a r system may n o t have had g e a r i n g peened, s i g n i f i c a n t u p r a t i n g of t h e system can b e accomplished i f o t h e r components of t h e system a r e a b l e t o handle t h e i n c r e a s e d l o a d i n g . See F i g . 11 ( 3 ) . 
Shot peening can s t r e t c h f a t i g u e l i v e s of c a r b u r i z e d g e a r s o r a l l o w d e s i g n e r s t o u s e more compact t r a n s m i s s i o n s f o r l a r g e l o a d s . F i g .
According t o one s t u d y ( 3 ) ,
u s i n g s h o t peening i n a g e a r system and changing from a 300 BHN s t e e l t o a f u l l y hardened s t c c l ~f a b o u t 57 Rc w t t h s h o t peening can h a l v e a g e a r b o x ' s l e n g t h , width, and h e i g h t . Normally, peening of t h e t o t a l g e a r t o o t h i s done. However, u n l e s s t h e a p p l i c a t i o n r e q u i r e s extremely smooth operat
i o n , peening of t h e r o o t of t h e g e a r o n l y i s n o t recommended a s i n c r e a s e d c o s t s would b e produced by a d d i t i o n a l masking of t h e f l a n k s . Peening does i n c r e a s e t h e roughness of t h e s u r f a c e of a t o o t h , but i t becomes l e s s n o t i c e a b l e a s t h e h a r d n e s s of t h e g e a r i n c r e a s e s . P r o p e r s h o t s i z e s e l e c t i o n i s i m p o r t a n t t o a s s u r e p r o p e r coverage. The s h o t s i z e normally s e l e c t e d h a s a d i a m e t e r no g r e a t e r t h a n h a l f t h e r a d i u s of t h e f i l l e t . (Other v a r i a b l e s r e g a r d i n g s h o t h a r d n e s s and s i z e may e n t e r i n t o t h e s p e c i f i c a t i o n of s h o t peening p a r a m e t e r s . ) GEAR DURABILITY AND PITTING S u r f a c e f a t i g u e l i f e can a l s o b e improved by s h o t peening. P i t t i n g i s caused i n g e a r t e e t h by s h e a r s t r e s s e s below and p a r a l l e l t o t h e t o o t h s u r f a c e . S i n c e g e a r s mesh w i t h a r o l l i n g a c t i o n a l o n g t h e p i t c h l i n e , s l i p above and below t h e p i t c h l i n e can b e genera t e d a s h i g h a s 40 p e r c e n t . A s a r e s u l t of t h i s s l i p , t i n y c r a c k s can develop under t h e
s u r f a c e a t a d e p t h of above .006 i n . below t h e s u r f a c e . These c r a c k s p r o p a g a t e outward and toward t h e g e a r t o o t h s u r f a c e u n t i l a t h i n w e d g e o f m e t a l b r e a k s awag, l e a v i n g t h e p i t . S i n c e c r a c k s w i l l n o t p r o p a g a t e i n t o a l a y e r of compressive s t r e s s , by peening t o a depth of .007 t o .008 i n c h , p i t t i n g can b e p r e v e n t e d . T e s t s by NASA i n s t u d i e s by Townsend and Z a r e t s k y ( 7 ) show an i n c r e a s e i n s u r f a c e p i t t i n g f a t i g u e l i f e of 1 . 6 t i m e s t h a t of nons h o t peened g e a r s . R e s i d u a l stress measurements and a n a l y s i s i n d i c a t e d t h a t t h e l o n g e r f a t i g u e l i f e i s a r e s u l t of t h e h i g h e r compressive s t r e s s produced by s h o t peening.
SHOT PEENING AND GEAR LUBRICATION S i n c e s h o t peening produces s m a l l i n d e n t at i o n s on t h e s u r f a c e of a g e a r t o o t h , t h e s e now become t i n y pockets o r r e s e r v o i r s . These s u r f a c e r e s e r v o i r s a i d i n t h e r e t e n t i o n of l u b r i c a t i o n , reduce f r e t t i n g and s c o r i n g , and r e d u c e o p e r a t i n g t e m p e r a t u r e s .
SHOT PEENING TO REMOVE CONTINUOUS MACHINING MARKS
A t e c h n i q u e t h a t can be used i n g e a r s f a i l i n g a l o n g continuous l i n e s o c c u r r i n g a c r o s s t h e f a c e of a g e a r t o o t h produced by machining i s t o peen t h e s u r f a c e of t h e t o o t h i n a "green" s t a t e , and t h e n t o follow w i t h t h e h e a t -t r e a t i n g p r o c e s s . The peening w i l l e l i m i n a t e t h e con-
a c h i n i n g marks and t r a n s f o r m them t o a homogeneous dimpled s u r f a c e . T h i s h a s b e e n p r o v e n and i s d e m o n s t r a t e d i n a p a p e r by R o b e r t Buenneke ( 8 ) .
S i n c e t h e h e a t -t r e a t i n g p r o c e s s w i l l remove t h e b e n e f i t s o f t h e c o m p r e s s i v e
n g a t 50-60 p e r c e n t of t h e u l t i m a t e t e n s i l e s t r e n g t h of t h e m a t e r i . a l ) .
AI>UITIONAI, CONSIDERATIONS FOR GEARING
S h o t p e e n i n g i s n o r m a l l y t h e l a s t machining o p e r a t i o n performed o n a g e a r . Lapping o r h o n i n g c a n b e done a f t e r p e e n i n g t o t h e p e~l~e d s u r f a c e , b u t m a t e r i a l removal must b e l i m i t e d t o no more t h a n t e n p e r c e n t of t h e d e p t h o f c o m p r e s s i o n . G r i n d i n g o f a peened s u r f a c e i s n o t a l l o w e d b e c a u s e t h e h e a t g e n e r a t e d b y t h e g r i n d i n g may r e l i e v e t h e compressi.ve s t r e s s e s . T e m p e r a t u r e c o n t r o l o f t h e l a p p i n g o r h o n i n g o p e r a t i o n i s c r i t i c a l .
I f t h e r o u g h n e s s of t h e t o o t h £1-anks produced b y t h e s h o t p e e n i n g i s o b j e c t i o n a b l e , t h e f l a n k s may b e shaved ( r a t h e r t h a n masked b e f o r e p e e n i n g ) , b u t a g a i n , p r o p e r c o o l a n t t e m p e r a t u r e m a i n t e n a n c e i s i m p o r t a n t .
S h o t p e e n i n g w i l l n o t s i g n i f i c a n t l y i n c r e a s e t h e h a r d n e s s o f c a r b o n s t e e i and a s a r e s u l t , w i l l n o t a f f e c t t h e u l t i m a t e t e n s i l e s t r e n g t h of t h e m a t e r i a l .
I f t h e m a t e r i a l i s a t y p e t h a t i s r e a d i l y work h a r d e n a b l e , t h e n i n c r e a s e s i n h a r d n e s s a l o n g w i t h s u b s e q u e n t i n c r e a s e s i n u l t i m a t e t e n s i l e s t r e n g t h c a n b e e x p e c t e d .
SHOT PEENING CONTROLS
As w i t h any m a c h i n i n g p r o c e s s , i t i s n e c e s s a r y t o h a v e c o n t r o l t e c h n i q u e s t h a t c a n a s s u r e p r o p e r p e r f o r m a n c e o f t h e peened p a r t . T h e r e a r e n o known p r o d u c t i o n t e c hn i q u e s of m e a s u r i n g c o m p r e s s i v e s t r e s s e s ; however, l a b e x p e r i m e n t s u s i n g X-ray d i f f r a ct i o n c a n s u b s t a n t i a t e t h e s t r e s s d i s t r i b u t i o n c u r v e s showing t h e m a g n i t u d e of c o m p r e s s i v e s t r e s s and d e p t h o f c o m p r e s s i o n . T h e r e a r e t h r e e p o i n t s o f t h e s h o t -p e e n i n g p r o c e s s t h a t must b e a d h e r e d t o t o a s s u r e p r o p e r p a r t p e r f o r m a n c e . These p o i n t s a r e t h e a b i l i t y t o d e t e r m i n e and m a i n t a i n p r o p e r i n t e n s i t y ; s h o t i n t e g r i t y ; a n d , t o p r o p e r l y j u d g e c o v e r a g e i n t h e peened a r e a . t h r e e t y p e s which a r e u s e d t o d e t e r m i n e t h e v a r i o u s r a n g e s of i n t e n s i t i e s .
T h e s e a r e t h e "N", "A" and "C' s t r i p s ( S e e F i g 1 2 ) .
T h e s e s t r i p s a r e a s p r i n g s t e e l SAE 1070 m a t e r i a l u n i f o r m l y h a r d e n e d and tempered t o a 44-50Rc. These s t r i p s a r e u s e d t o c a l i b r a t e t h e p e e n i n g equipment. F o r e a c h c a l i b r a t i o n t e s t , s e v e r a l Almen s t r i p s o f a s i n g l e t h i c kn e s s (N, A o r C ) a r e clamped t o a t e s t f i x t u r e known a s a n Almen b l o c k and e x p o s e d t o t h e s h o t s t r e a m f o r v a r y i n g p e r i o d s o f t i m e . When t h e s t r i p i s removed from t h e b l o c k , i t w i l l c u r v e upward t o w a r d s t h e s i d e which h a s been peened (See F i g . 1 3 ) .
The a r c h e i g h t i s measured on e a c h s t r i p u s i n g a n Almen g a u g e , a s shown i n F i g . 1 4 . The l o n g e r t h e s t r i p h a s b e e n exposed t o t h e s h o t s t r e a m , t h e g r e a t e r t h e d e f l e c t i o n o f t h e s t r i p . I f a n "A" s t r i p i s e x p o s e d t o a s h o t s t r e a m t o p r o d u c e a d e f l e c t i o n of .015", t h e i n t e n s i t y i s a .015A i n t e n s i t y . The measured s t r i p s a r e t h e n u s e d t o p l o t a s a t u r a t i o n c u r v e which p l o t s t h e a r c h e i g h t v e r s u s t h e e x p o s u r e t i m e . F o r a p a r t i c u l a r machine s e t -u p , t h e r e g i o n b e i n g s o u g h t t o d e v e l o p a n i d e a l e x p o s u r e t i m e f o r a s p e c i f i e d i n t e n s i t y i s t h e b e g i n n i n g of t h e s a t u r a t i o n r a n g e . T h i s s a t u r a t i o n r a n g e i s d e f i n e d by m i l i t a r y s t a n d a r d s (9) a s t h e a r e a on t h e c u r v e w h e r e t h e r e w i l l b e l e s s t h a n a 1 0 p e r c e n t i n c r e a s e i n t h e a r c h e i g h t o f t h e s t r i p a f t e r d o u b l i n g t h e e x p o s u r e t i m e (See F i g . 1 5 ) .
C a l i b r a t i o n f i x t u r e s f o r g e a r i n g may o f t e n b e formed from t h e g e a r i t s e l f . A s shown i n F i g . 1 6 , t h e b l o c k h a s b e e n mounted i n t h e p l a n e t o b e peened on t h e g e a r . T h i s g e a r w i l l b e u s e d f o r c a l i b r a t i o n p u r p o s e s o n l y .
The s a t u r a t i o n c u r v e i s a n i m p o r t a n t p a r t o f t h e c o n t r o l s u s e d b e c a u s e p r o p e r i n t e n s i t y i s i m p o r t a n t i n d e t e r m i n i n g t h e s u c c e s s o r f a i l u r e of a p a r t i n f a t i g u e . Too h i g h of a s h o t mass o r v e l o c i t y may damage t h e g e a r s , w h i l e t o o low a n e x p o s u r e t i m e w i l l p r o d u c e r e s i d u a l c o m p r e s s i v e s t r e s s e s t h a t a r e t o o low (See F i g . 1 7 ) .
INTENSITY -T h i s c o n t r o l p o i n t i s gauged by s t r i p s known a s Almen s t r i p s . T h e r e a r e When m e t a l s t r i k e s m e t a l , something w i l l break down. I n a shot-peening o p e r a t i o n , t h e s h o t w i l l d e g e n e r a t e i n t o u n a c c e p t a b l e s h a p e s and s i z e s . I f t h e s e shapes a r e used i n t h e peening o p e r a t i o n , s t r e s s risers can be produced on t h e peened s u r f a c e due t o t h e sharp-edged c o n f i g u r a t i o n s . I n a d d i t i o n , s h o t mass i s reduced w i t h a p r o p o r t i o n a t e d e c r e a s e i n i n t e n s i t y .
Acceptable Shape8
Unacceptable Shapes
Unacceptabla Shapcs
